Objective: The primary objective of this study was to generate a reference table of food items and average amounts of these items consumed by South Africans, for the Department of Health. The reference table was required to be representative of foods and beverages eaten frequently by children and adults from all age and ethnic groups in order for the Department of Health to test for contaminants in these foods. Design: The National Food Consumption Survey (NFCS) served as a framework for compiling data on children since this was a national representative survey of 1 -9-year-old children undertaken in South Africa in 1999. However, there has never been a national dietary survey on adults in South Africa. Consequently the data had to be extrapolated from existing isolated surveys on adults. Secondary data analysis was conducted on existing dietary databases (raw data) obtained from surveys undertaken on adults in South Africa between 1983 and 2000. Available datasets were regional and independent, and were not individually representative of the South African diet. It was therefore necessary to use different statistical methods, including factor analyses, weighting and correlations, to generate ethnic and geographic representative data for adults. Two methods were used: Method 1, which corresponded with results of the NFCS (over-sampled for low socio-economic status), and Method 2, which was based on ethnic proportions of the population. Results: The secondary data analyses generated food items most commonly consumed by the South African adult population (Method 1) in descending frequency of usage and average (mean) amount per day: maize porridge (78%/848 g), white sugar (77%/27 g), tea (68%/456 g), brown bread (55%/165 g), white bread (28%/163 g), non-dairy creamer (25%/6 g), brick margarine (21%/19 g), chicken meat (19%/111 g), full-cream milk (19%/204 g) and green leaves (17%/182 g). In 6-9-yearolds, maize porridge (72%/426 g), sugar (76%/23 g), tea (51%/258 g), full-cream milk (35%/171 g) and white bread (33%/119 g) were eaten most frequently. Similarly, in 1 -5-year-olds, the foods consumed most frequently were maize porridge (80%/426 g), sugar (76%/21 g), tea (44%/224 g), full-cream milk (39%/186 g) and white bread (24%/83 g). In order to evaluate the validity of the adult data generated, kilojoule values of the individual food items (per capita) were compared with food balance sheets (FBSs). The comparison was favourable except that the FBSs had a higher overall energy intake per capita of between 22 and 28%. Conclusion: Reference tables of commonly consumed foods and beverages were generated at minimal cost based on secondary data analyses of past dietary surveys in different South African populations.
Health (DOH) needs to know which items, and the average portion size, are eaten by the majority of the population.
Three practical approaches to determine amounts of contaminants from dietary intake studies have been recommended, namely: (1) the total diet study method; (2) selective studies of individual foodstuffs; and (3) duplicate portion studies. Since the WHO/FAO has recommended use of the 'total diet study' approach, which focuses on food and beverage consumption of the general population, this method was selected for the current study 2, 4, 5 . To measure contaminants in food it is necessary to know what the main dietary sources are. This ideally entails the undertaking of a dietary survey on a nationally representative sample in order to determine which foods items are consumed by at least 97.5% of the population. Since this is a very costly undertaking, the DOH decided to utilise data on adults from dietary surveys undertaken from 1983 to 2000. The National Food Consumption Survey (NFCS) 6 , which was undertaken in 1999, served as a source of nationally representative data on children.
The primary objective of this study was to generate a reference table of food items and average (mean) portion sizes consumed by South Africans for the DOH. The reference table was required to be representative of items eaten by children and adults from the major ethnic groups (black and white) found in nine provinces. Since the majority (77%) of the population is black, it is important to note that the final food items generated mostly reflect the 'typical' diet consumed by black South Africans. The DOH will subsequently undertake analyses of items in the reference table and contaminant exposure doses will be calculated for the population by multiplying the average (mean) food intake by substance concentrations to determine average daily dose per contaminant. Evaluation of risk will be determined by comparison of exposure doses with exposure limits according to the Acceptable Daily Intakes (ADIs), Theoretical Maximum Daily Intakes (TMDIs) and Codex Maximum Residue Limits (MRLs) 2, 4, 5 .
Methods and materials

Dietary survey databases utilised in development of the food tables
The first phase of this study involved an evaluation of available databases. These were obtained by the DOH from the original sources (organisations/authors). The NFCS provided a database on dietary intakes of children aged 1-9 years. Data on adults were integrated from eight different studies (one unpublished) undertaken in different provinces and ethnic groups 6 -32 . The national food balance sheets (FBSs) 33 and data from an isolated study on water consumption 34 were also included. Most databases were available on Excel spreadsheets and were subsequently analysed using the SAS System for Windows, Release 8.02 (SAS Institute Inc., Cary, NC, USA, 2001). Table 1 presents a description of the studies utilised and their dietary methodologies. Since two different methods were used (24-hour recall* and frequency method †), the data were kept in the two separate categories and analysed separately. Since all of the databases (24-hour and frequency) were used to compare the mean consumption of adolescents and adults, the 'frequency' databases are also shown in Table 1 . However, only results using 24-hour recalls are reported here. Results of the frequency databases are published elsewhere 36 .
Structuring of existing dietary databases
Step 1: Standardisation of food codes in all dietary databases The dietary databases used in this study made use of the Medical Research Council Food Composition Tables and software 37, 38 . These tables were updated in 1999 and many of the food codes were changed 38 . Hence it was necessary to first ensure that all databases conformed to the updated food codes.
Step 2: Aggregation of information on food The WHO 5 provides three lists of analyses and commodities that should be monitored by member countries of the Codex Alimentarius: a core list (for developing countries), an intermediate list (for countries with some industrial development) and a comprehensive list (for developed countries). Because of the availability of the NFCS data, which comprises a nationally representative sample 6 , and other appropriate surveys, this study focused on providing tables according to the comprehensive list. In order to compile comprehensive tables, aggregation of food items was done at three levels.
. Level 1. Foods and beverages contained in the South African food composition tables 37 were first classified into food categories according to the GEMS/Food (Global Environmental Monitoring System/Food Contamination Monitoring and Assessment Programme) commodities of the WHO 3 . The GEMS/Food categories include the following main groups: cereals; sugars and honey; nuts and oilseeds; vegetable oils and fats; stimulants; spices; pulses; roots and tubers; vegetables; fish and seafood; eggs; fruit; milk and milk products; meat and offal; animal oils and fats. Since there were no GEMS/Food codes for some food commodities, new groups were created for alcoholic beverages, infant *The 24-hour recall method requires participants to recall all food and beverages consumed during the previous 24 h. It is a reflection of current dietary consumption. A limitation of this method is that it is inclined to underreport dietary intake.
†The quantified food frequency method requires participants to recall average amounts of food consumed on a daily, weekly or monthly basis. It is a reflection of a longer period of consumption. A limitation of this method is that it is known to overreport dietary intakes 35 . ; and a description of processing when appropriate (i.e. dried/canned/fresh). Examples of the food groups are presented in Table 2 .
The final tables generated comprised the following data with regard to food items consumed: main food group (e.g. cereals); the subgroup where appropriate (e.g. maize); a description of the item where appropriate (e.g. maize porridge); the percentage of the sample consuming that item; the portion consumed per day by those individuals who actually consumed the item (average/mean portion); and the per capita amount consumed per day by all individuals in the relevant sample. The latter portion is smaller because it represents the total quantity consumed divided by the size of the relevant sample.
Selection of age groups
The WHO 5 has recommended that where specific national or regional consumption data are available for different population subgroups (e.g. toddlers and infants), exposure assessments should be carried out for these groups. Using these recommendations as guidelines, all tables generated in the present study included the following age groups: pre-school -age 1 -5 years (1.00 -5.99 years); schoolchildren -age 6 -9 years (6.00-9.99 years); adolescents and adults -age 10þ years (sometimes referred to as 'adults').
The reason for selecting these age groups was based on the fact that the largest dietary database (NFCS) in South Africa 6 included children aged 1-9 years. The NFCS data were available in two age groups (1 -5 years and 6-9 years), for each of nine provinces of South Africa, and in urban or rural format. Vulnerable groups such as pregnant women and the elderly could not be determined since no (or very little) data were available on these groups.
The rationale for treating age 10þ as a unit (and calling it an adult group) was the finding that the average consumption of adolescents (10-15 years) did not differ significantly from that of adults. Table 3 presents comparisons of mean energy intakes of the different age groups to substantiate this.
After careful consideration of the available databases, and after a comparison of data obtained by the food frequency and 24-hour recall methods of the NFCS, it was decided to keep data generated by the two methods apart and to analyse them separately. This was due to the following findings: (1) the average quantities consumed per food item were greater when the food frequency method was used; (2) a greater variety of items was consumed when using the food frequency method versus the 24-hour recall method (72 items vs. 16 items); and (3) the percentage of the group consuming a specific item was generally greater when the food frequency questionnaire was used.
It is important to evaluate the results of this paper in the context of the databases used. The estimates generated represent crude portions of food items consumed and should not be compared with the methods generally used in dietary surveys to evaluate macro-and micronutrient intakes of specific age groups. Although an attempt was made to include as many databases as possible to represent the average South African population, it was not realistic or feasible to include every study that had been undertaken in the specified period.
Generation of adult data
First, data from the NFCS were correlated with data from individual surveys on adults. Pearson correlation coefficients were calculated using both per capita portion size and percentage of the sample consuming the food item, using all items and subgroups consumed. An example of this is shown in Table 4 . These analyses showed significant relationships (and correspondence) between children aged 1-5 and 6 -9 years in the NFCS and the 1 -5-and 6-9-year-olds of studies using the 24-hour recall method. Then NFCS 6-9-year-olds were correlated with 10þ -year-olds in the 24-hour recall studies, namely the Black Risk Factor Study (BRISK), the Lebowa Study, the Coronary Risk Factor Study (CORIS) and the Dikgale Study (note: Lebowa and Dikgale are place names). Correlation coefficients varied between 0.7 and 0.9, and all were significant at the 99% level of confidence.
Second, relationships between databases were explored by means of factor analyses. This was done to determine whether the adult databases would follow a similar trend to the NFCS as for the 'step' on correlations, and also to determine whether it was possible to combine data from provinces when trying to estimate adult consumption. Factor analyses were done to establish the relationship between NFCS 6-9-year-olds in the nine provinces of South Africa, urban and rural separately, with those databases having adult participants, namely BRISK, the Lebowa Study, CORIS urban and rural (adults), the Dikgale Study (adults) and the Transition, Health and Urbanisation Study (THUSA) in children (THUSA Bana; urban and rural). Observations used in this process consisted of the different GEMS/Food subgroups consumed.
The results showed that factor 1 reflected portion size and factor 2 reflected variety of items consumed. Dikgale and Lebowa data clustered together with most NFCS rural groups to form a group (group 1). CORIS, BRISK and the Western Cape NFCS data clustered together (group 2). Data of the main urban areas clustered together in a corresponding third group (group 3), which lay between Lebowa/Dikgale on the one hand and BRISK on the other. Group 1 was regarded as the cluster of studies that consumed large portions of food (specifically maize) and included: Northern Province (urban and rural), Free State (urban and rural), North West (urban and rural) and rural areas of Mpumalanga, Eastern Cape, Gauteng and KwaZulu-Natal. Group 2, on the other hand, included studies where participants consumed smaller portion sizes yet consumed a large variety of food items. This group included the Western Cape urban and rural areas. Group 3 formed a cluster that lay between groups 1 and 2. Group 3 included all of the remaining urban areas: Gauteng, Eastern Cape, KwaZulu-Natal, Mpumalanga and Northern Cape.
Equations were developed to determine combined estimates for different population groups by two different methods.
Method 1
. Estimation of group 1. Adult consumption was estimated by taking the average values of Dikgale and Lebowa adult data. These data formed a pivotal point of group 1. Dikgale and Lebowa data complemented each other, since the latter included adolescents and the former adults. . Estimation of group 2. CORIS data represented the white population of the Western Cape, and BRISK data represented the black population of the Western Cape. Because of the similarities between CORIS urban and rural data, the combined databases were used in further analyses. Adult dietary intakes for the Western Cape were calculated as the weighted average of CORIS and BRISK data, using the ratio of black to non-black residents in the Western Cape as described in the 1996 Census data 40 . . Estimation of group 3. The average of BRISK and the combined average of Lebowa and Dikgale data were used to estimate adult consumption for this group.
Urban and rural intakes were combined to produce a single adult estimate per province, using the ratio between urban and rural per province, as calculated from the 1996 Census data. Adult intakes (average per capita portion size and percentage of adults consuming the item) in South Africa (RSA) were estimated by applying weights according to the proportions of populations in each province 40 as follows: Method 2 Adult data were calculated by using proportions of urban and rural data for black and non-black ethnic groups according to the 1996 Census results
40
. BRISK represented urban blacks, the average of Lebowa and Dikgale represented rural blacks, CORIS-urban represented non-black urban and CORIS -rural represented non-black rural. In terms of the original databases, after adjusting for sample size, the following equations were obtained:
RSA ðruralÞ ¼ 0:110 £ CORIS -rural þ 1:874 £ Lebowa þ 2:534 £ Dikgale and RSA ðurbanÞ ¼ 0:800 £ CORIS -urban þ 1:181 £ BRISK: Method 1 results corresponded with results from the NFCS, which was over-sampled for lower socio-economic areas 6 , whereas the results from Method 2 ignored relationships with NFCS data and was based on the ethnic proportions of the population in South Africa. Summaries of the methods used in the 'weighting' process are shown in Table 5 . Table 6 provides a comprehensive table of the GEMS/ Food main food groups for all South Africans. The percentages of the age groups consuming the GEMS/Food groups were similar throughout. The main three GEMS/ Food groups were the same for all age groups, being cereals, sugars and honey, and stimulants. Cereals were consumed by 99% of all age groups and sugar and honey by more than 80%. The average consumption of cooked cereals was 493 g in 1-5-year-olds, 559 g in 6-9-year-olds and 690-879 g in 10þ-year-olds when taking the group of consumers into consideration. Infant foods, animal oils, spices, alcoholic beverages, supplements and condiments were consumed by less than 3% of 1 -9-year-olds. In the 10þ-year-old group, less than 3% consumed soups, condiments, supplements, human and formula milk, and spices. The meat and offal group was consumed by 48% of 1 -9-year-olds and by 57-67% of the older group. An egg product was consumed by 13-18% of participants and 11 -15% consumed pulses. A comparison of the data extrapolated in this study with FBSs for South Africa is presented in Table 7 . This step was undertaken in order to assess the relative validity of the data generated. However, it should be kept in mind that comparisons can only be made in terms of energy intake since the FBSs give raw food values whereas the data generated were for cooked foods. Generally FBS values compared favourably with the data generated for adults. FBS values were higher with respect to the consumption of milk, pork, fats and oils, maize, rice and sugar. Beef and offal, eggs, oats, potatoes and fruit consumption values were similar to FBS data. FBS items that showed lower consumption in comparison with data generated were ). † Methods 1 and 2, as described in the text. ‡ Rooibos tea has not been distinguished from ordinary tea in adult surveys, so the figure given is based on that for tea. § Water consumption from the Black Risk Factor (BRISK) Study 14 -16 . mutton and goat, legumes and vegetables. The higher consumption of these specific food items in comparison with the FBSs is probably due to the fact that sheep, goats, vegetables and legumes are frequently kept for home consumption, particularly in rural areas. Consequently these home-produced food items would not be accounted for in the FBSs. Another measure of validity of the adult data generated was shown by a comparison of the average energy intakes of groups with the Recommended Dietary Allowances (RDAs). Such comparisons showed that adult estimates were similar to the lower range of the RDA for energy 35 . By comparison, the FBSs overestimated energy for adults by 28% (Method 1) and 22% (Method 2). This is a general finding that has been reported elsewhere 1 -4 . Table 8 gives commonly consumed food items for each of the age groups studied. This table comprises food items eaten by at least 3% of the target population. Food items consumed most commonly by the South African adult population (Method 1) in descending frequency of usage and average (mean) amount per day were: maize porridge (78%/848 g), white sugar (77%/27 g), tea (68%/456 g), brown bread (55%/165 g), white bread (28%/163 g), nondairy creamer (25%/6 g), brick margarine (21%/19 g), chicken meat (19%/111 g), full-cream milk (19%/204 g) and green leaves (17%/182 g).
Results and discussion
It is recommended that average/mean portion size, and not per capita portion size, be used for analyses of contaminants since per capita portion size would greatly underestimate contaminants determined. Additionally it is recommended that, for adults, average portions from Method 1 be used for analyses since these give a larger estimate and a better representation of those who have a poorer socio-economic status. Items that appear in tables by means of Method 2, and not by Method 1, should be included to ensure that items eaten by the white (minority) population have not been excluded.
Conclusion
Secondary data analyses of past dietary surveys can be used to generate 'relatively' valid food consumption data for populations where nationally representative surveys are not feasible or possible. These data can be used as an alternative to food balance sheets when undertaking analyses of contaminants in foods and beverages.
